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OCN 201 
Physiography of the 

Seafloor

Question

Which of the following has highest density?

A. The crust

B. The mantle

C. The asthesnosphere

D.The inner core

E. The outer core
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Why do large regions of continental crust stand 
high above sea level?

• The rigid lithosphere (crust and uppermost mantle) floats on top 
of the deformable (i.e. plastic) asthenosphere

• Mountains have “roots” extending into the asthenosphere

• Isostatic and buoyancy forces are invoked to explain how 
different topographic elevations can exist on Earth’s surface

Oceanic Crust
• Only 6 km thick
• Made of basalt

• 2.9 g/cm3

Continental Crust
• 35 km thick

• Made of granite
• 2.7 g/cm3

Hypsometric Curve for Earth’s Solid 
Surface
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Hypsometric curve of Earth shows two modes

Hypsometric curve of Venus shows only one

Why? Venus has only one type of crust!

Concept of Isostasy

The rigid outer shell of the Earth, the lithosphere floats on 
the denser, plastic-like asthenosphere. This is analogous 
to how blocks of wood would float on water. 

Thickest block floats highest and sinks 
deepest

Density and thickness of a body will 
determine how high it will float (and how 
deep it will sink)

This process is called isostatic
equilibrium
iso: equal
stasy: standing
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Concept of Isostasy

• Buoyancy is the ability of an object 
to float in a fluid by displacing a 
volume of that fluid equal in weight to 
the floating object’s own weight 
(Garrison) 

• The buoyancy of a body depends on 
its density and its mass

Concept of Isostasy

Block height
h = 40.0km

Block root 
r = 20.4km

Block density 
 = 2.7 g/cm3

Liquid density 
 = 5.3 g/cm= 5.3 g/cm33

Block root 
r = 20.6km

Block density 
 = 1.7 g/cm= 1.7 g/cm33

Liquid density 
 = 3.3 g/cm3

Block height
h = 40.0km

Block root 
r =32.7km

Block density 
 = 2.7 g/cm3

Liquid density 
 = 3.3 g/cm3

Block height
h = 40.0km

Block root 
r =16.4km

Liquid density 
 = 3.3 g/cm3

Block height
hh = 20.0km= 20.0km

Block density 
 = 2.7 g/cm3
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Erosion and isostatic readjsutment

Continents stand in isostatic
equilibrium 

What happens when a 
mountain erodes?

• Isostatic uplift causes its 
root to rise

• Deposition of sediments 
away from the mountain will 
cause the nearby crust to 
sink

When forces are applied fast: 
adjustment by fracturing or 
faulting earthquakes

Question

If I drop several blocks of wood into a bucket 
of water, which block will float higher?

A. A thick block made of dense wood

B. A thin block made of light wood

C. A thick block made of light wood

D. A thin block made of dense wood
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How would the Earth 
surface looks like if we 

drain the oceans?
11

12

PhysiographyPhysiography of the Ocean Floorof the Ocean Floor
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Bathymetry: map of the ocean floor

Bathy = deep

Meter = measure

• Posidonius: first bathymetric studies in the Mediterranean (85 B.C.) 
weigth-on-a-line method (~2km)

• During the HMS Challenger expedition in the 1870s the method to 
measure depth was still the same! (although steam-powered). Confirmed  
the existence of the mid Atlantic ridge

• Slow, inaccurate, incomplete 
coverage

• In 1914 Reginald A. Fessenden developed an “Iceberg Detector and Echo 
Depth Sounder”  

• The detector directs a sound pulse (ahead of the ship for iceberg detection or 
downward for depth measurements) and then listens for a returning echo

• Transit time of the return signal provides a measurement of depth

• The accuracy depends on water conditions and bottom contours

• First comprehensive charts of the ocean floor by 1959!

Echo Sounding
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• As many as 121 beams at once, covering a 120 arc, ~3.4 times wider than 
water depth

• Much less susceptible to contour error than single-beam detector

• With a mowing-the-lawn pattern you can build a complete map of an area

• Fewer than 200 ships are equipped with multibeam systems

Multibeam Echo Sounding

Multibeam record of a fragment of 
seafloor near the East Pacific Rise 
south of the tip of Baja California, 
Mexico. 

Multibeam Echo Sounding
Florida continental shelf

Vertical exaggeration: 50:1

Abyssal 
plain

Slope
Shelf
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• Satellites can measure small elevations in the surface of the ocean very 
accurate measurements of the average height of the ocean surface (to 
within 0.03m!)

Satellite Altimetry

• Extra gravitational attraction of ocean 
features cause differences in sea surface 
height

• Satellites have allowed rapid mapping of the 
world ocean floor from space 

Ocean ridge
Seafloor

Crust

Geosat
Orbit

South Atlantic seafloor east of the tips of 
South America and Antarctica's Palmer 
Station, derived mostly from Geosat data
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TopograpyTopograpy of the Ocean floorof the Ocean floor

Ocean Depth vs. Height of Land Ocean Depth vs. Height of Land 

• The lighter and thicker continental 
lithosphere floats in isostatic
equilibrium above the level of the 
denser oceanic lithosphere 

• More than half of Earth’s solid 
surface is at least 3,000 m below 
sea level

• Two main levels: 

• Exposed (land): mean 
elevation of +840m

• Submerged (ocean floor):  
mean depth of -3,796m

Why do we have dry land?
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Question

Which of the following sentences do you think 
is correct?

A. The continental crust is entirely above sea level

B. New bathymetry devices to study seabed features 
include the multibeam echo sounder system and satellites

C. The deep ocean basins are featureless compared to 
land 

D. All are correct

Ocean seafloor 

• Continental margin: submerged outer edge of 
continents

• Deep ocean basins: Deep sea floor beyond the 
continental margins
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Continental MarginsContinental Margins

• Continental Shelf: gentle 
slope, width depends on 
proximity to plate boundary.

• Continental Slope: 
transition between shelf and 
deep ocean floor, steeper

• Shelf Break: marks the 
transition between shelf and 
slope, mean depth 140 m

• Continental Rise: 
accumulation of sediment, 
marks the transition between 
continental and oceanic 
crust, only in passive 
margins. Width: 100 to 
1000km

Passive and Active Continental Passive and Active Continental 
MarginsMargins

Passive continental margins: near the edges of diverging plates, broad 
shelves, very little earthquake or volcanic activity, no plate boundary
• Active continental margins: near the edges of converging plates or 
transform boundaries, narrow shelves, rugged coastline, high earthquake and 
volcanic activity, coincide with plate boundaries. Mostly in the Pacific ocean.
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OCEANIC RIDGES
• Largest single geologic feature on 

Earth  submarine mountain range
• > 65,000 km long 
• Found in all ocean basins: they 

cover 22% of the lithosphere
• They rise ~2km above seafloor
• Site of new oceanic crust formation
• Flanked by transform faults and 

fracture zones

• Regions where sections of the ocean slide past each other, 
relieving tension created by seafloor spreading at ocean ridges
• Perpendicular to oceanic ridge segments, which they offset
• Transform faults: active parts of fracture zones, usually cut 
across ocean ridges 
• 10-100 km wide

Fracture Zones
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Hydrothermal vents

Credit: Ocean Exploration Trust

• In volcanically active areas such as mid-ocean ridges
• Seawater percolates into the crust, it is heated by magma, 
gets more acidic, becomes anoxic, and dissolves metals
• The hot fluid then rises out of a vent, encountering cold 
oxygenated seawater  copper, iron, zinc sulfides precipitate 
to form metal-rich chimney structures
• Unique ecosystem supported by chemosynthesis

Oceanic trenches

Red line on seafloor map (left) shows 
approximate location of cross section 
above.• 7-11 km deep

• 2-4 km deeper than surrounding seafloor
• 40-120 km wide
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Trenches of the World Ocean

30

OTHER SEA FLOOR FEATURES
1. Abyssal plains: flat, featureless 

expanses of sediment-covered 
ocean floor

2. Abyssall hills: small sediment-
covered extinct volcanoes or 
intrusions in abyssal plains, near 
the edges of ridges

3. Seamounts and guyots: off ridge 
volcanoes that do not rise above 
the sea surface

4. Island arcs: curved chain of 
volcanic islands and seamounts 
parallel to trenches  

5. Marginal basins: small oceanic 
basins separated from deep ocean 
by island arcs and/or trenches

1
2

3

4

5
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Summary: ocean basins
 Earths surface is covered by 2 types of crust:

o Oceanic crust: dense, thin, low-standing 
o Continental crust: light, thick, high standing

 Seafloor is divided into:
o Shallow continental margins (continental shelf, slope, rise)

– Passive
– Active

o Deep sea ocean basins: have a variety of topographic features 
• Oceanic ridges, transform faults, hydrothermal vents
• Abyssal hills and plains
• Trenches
• Seamounts & guyots
• Marginal basins
• Island arcs

Question

Oceanic trenches are most abundant in the:

A. Atlantic Ocean

B. Pacific Ocean

C. Indian Ocean

D. They are equally abundant in all oceans
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Characteristics of Pacific Ocean
• Largest and deepest of all 

the oceans (3940m)
• 50% of ocean area, 53% of 

volume
• Surrounded by mountain 

belts, trenches, & island 
arcs

• Narrow continental shelves
• Isolated from terrigenous

sediment input by marginal 
basins and trenches

• Numerous volcanic 
seamounts and islands

Characteristics of Atlantic Ocean

• 26% of ocean area, 25% of 
volume

• Narrow with longest N-S link
• Split nearly symmetrically by 

Mid Atlantic Ridge
• Shallowest (3575 m) because 

of wide continental margins
• Highest input of fresh water 

and terrigenous sediment from 
rivers (Congo + Amazon) 

25% of global water discharge
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Characteristics of Indian Ocean
• 21% of ocean area, 21% of 

volume

• Average depth (3840 m)

• Small area (9%) of continental 
shelves

• Mainly in S. hemisphere

• Few islands, but numerous 
submarine plateaus and rises

• River and sediment input in 
northern part of basin


